The EPSRC Quantum Communications Hub by Spiller, Timothy Paul
This is a repository copy of The EPSRC Quantum Communications Hub.
White Rose Research Online URL for this paper:
http://eprints.whiterose.ac.uk/166433/
Version: Accepted Version
Proceedings Paper:
Spiller, Timothy Paul orcid.org/0000-0003-1083-2604 (2020) The EPSRC Quantum 
Communications Hub. In: Proceedings, Emerging Imaging and Sensing Technologies for 
Security and Defence V. SPIE Security + Defence, 2020, 21-24 Sep 2020 Proceedings of 
SPIE - International Society for Optical Engineering . . 
https://doi.org/10.1117/12.2573467
eprints@whiterose.ac.uk
https://eprints.whiterose.ac.uk/
Reuse 
Items deposited in White Rose Research Online are protected by copyright, with all rights reserved unless 
indicated otherwise. They may be downloaded and/or printed for private study, or other acts as permitted by 
national copyright laws. The publisher or other rights holders may allow further reproduction and re-use of 
the full text version. This is indicated by the licence information on the White Rose Research Online record 
for the item. 
Takedown 
If you consider content in White Rose Research Online to be in breach of UK law, please notify us by 
emailing eprints@whiterose.ac.uk including the URL of the record and the reason for the withdrawal request. 






7KH(365&4XDQWXP&RPPXQLFDWLRQV+XE

7LPRWK\36SLOOHU
'HSDUWPHQWRI3K\VLFV,QIRUPDWLRQ&HQWUH0DUNHW6TXDUH8QLYHUVLW\RI<RUN<RUN<2''
8QLWHG.LQJGRP
$%675$&7
7KH 4XDQWXP &RPPXQLFDWLRQV +XE LV RQH RI IRXU +XEV FRPSULVLQJ WKH UHVHDUFK DQG GHYHORSPHQW HQG RI WKH 8.
1DWLRQDO 4XDQWXP 7HFKQRORJLHV 3URJUDPPH 7KLV SURJUDPPH LV QRZ LQ LWV VHFRQG SKDVH  IROORZLQJ D
VXFFHVVIXOILUVWSKDVHWKDWUDQ7KLV+XESURYLGHVWKH8.IRFXVIRUWKHTXDQWXPFRPPXQLFDWLRQVVHFWRU7KLV
UHSRUWSURYLGHVDEULHIRYHUYLHZRIWKH+XE
VSKDVHGHYHORSPHQWVZKLFKPDLQO\FRQFHQWUDWHGRQSURJUHVVLQJTXDQWXP
NH\GLVWULEXWLRQ 4.' WRZDUGVZLGHUDSSOLFDWLRQ7KHJUDQGYLVLRQRI WKHSKDVH+XE LV LQWHJUDWHGVHFXUHTXDQWXP
FRPPXQLFDWLRQV DW DOO GLVWDQFH VFDOHV )RU SUDFWLFDOLW\ DQG IOH[LELOLW\ WKLV LQYROYHV IUHHVSDFH FRPPXQLFDWLRQV DW WKH
VKRUWHVWGLVWDQFHVFDOHVILEUHEDVHGFRPPXQLFDWLRQVDWWKHPHWURSROLWDQDQGLQWHUFLW\GLVWDQFHVFDOHVFRYHUHGE\FXUUHQW
ILEUHQHWZRUNLQJDQGIUHHVSDFHFRPPXQLFDWLRQV WRVXSSRUW WKHYHU\ ORQJHVWGLVWDQFHV UHTXLUHGIRUJOREDO UHDFK7KLV
UHSRUW DOVR RXWOLQHV WKH RQJRLQJ +XE DFWLYLWLHV RQ VKRUWUDQJH FRQVXPHU 4.' ILEUH QHWZRUNLQJ DQG ORQJ GLVWDQFH
VDWHOOLWHWRJURXQG4.'%ULHIGLVFXVVLRQRIWKH+XEZRUNRQQHZSURWRFROVK\EULGVHFXUHFRPPXQLFDWLRQVVWDQGDUGV
DQGFRPSRQHQWVLVDOVRJLYHQ
.H\ZRUGVTXDQWXPFRPPXQLFDWLRQVTXDQWXPNH\GLVWULEXWLRQVHFXULW\TXDQWXPWHFKQRORJLHV

 7+(8.1$7,21$/48$17807(&+12/2*,(6352*5$00(
4XDQWXP WHFKQRORJLHV DUH QHZ LQIRUPDWLRQ WHFKQRORJLHV ,7 LQ ZKLFK RQH RU PRUH RI WKH IXQGDPHQWDO IHDWXUHV RI
TXDQWXPSK\VLFV±VXSHUSRVLWLRQHQWDQJOHPHQWDQGWKHLUUHYHUVLEOHGLVWXUEDQFHLQWURGXFHGE\TXDQWXPPHDVXUHPHQW±
SOD\ FHQWUH VWDJH LQ WKHLU RSHUDWLRQ6XFK WHFKQRORJLHV WKXV FRPPXQLFDWH VWRUH DQGSURFHVV LQIRUPDWLRQ DFFRUGLQJ WR
TXDQWXP ODZV LQ FRQWUDVW WR WKH FRQYHQWLRQDO FODVVLFDO ODZV WKDW XQGHUSLQ WKH PDQLSXODWLRQ RI LQIRUPDWLRQ LQ
FRQYHQWLRQDO ,7&RQVHTXHQWO\TXDQWXP WHFKQRORJLHVKDYH WKHSRWHQWLDO WRSURYLGHDGYDQWDJHRYHU WKHLUFRQYHQWLRQDO
FRXQWHUSDUWV HLWKHU E\ SXVKLQJ SHUIRUPDQFH WR QHZ OLPLWV RU HQDEOLQJ WDVNV WKDW FDQQRW EH DFKLHYHG DW DOO ZLWK
FRQYHQWLRQDO ,7 7KHVH QHZ WHFKQRORJLHV DUH HPHUJLQJ DFURVV WKH ZKROH ,7 VSHFWUXP LQ FRPPXQLFDWLRQV VHQVLQJ
LPDJLQJSURFHVVLQJDQGFRPSXWLQJ7KHWKHRUHWLFDOLGHDVDQGSRWHQWLDOIRUQHZTXDQWXPWHFKQRORJLHVEHJDQWRHPHUJH
RYHUIRUW\\HDUVDJR7KHODVWFRXSOHRIGHFDGHVKDYHVHHQPDVVLYHDGYDQFHVLQWKHFRQWURODQGPDQLSXODWLRQRITXDQWXP
OLJKWPDWWHUDQGIDEULFDWHGGHYLFHVLQODERUDWRULHVDOORYHUWKHZRUOG7KHVHKDYHOHGWRGHPRQVWUDWLRQVSURWRW\SHVDQG
QRZTXDQWXPWHFKQRORJLHVVWDUWLQJWRWUDQVLWLRQRXWRIODERUDWRULHVDQGLQWRWKHUHDOZRUOG$KXQGUHG\HDUVRITXDQWXP
VFLHQFHUHVHDUFKLVEHJLQQLQJWRKDYHGLUHFWWHFKQRORJLFDOLPSDFW
,QODWHWKH8.*RYHUQPHQWSURYLVLRQHG0RIIXQGLQJWRHVWDEOLVKDQHZ8.1DWLRQDO4XDQWXP7HFKQRORJLHV
3URJUDPPH8.14737KLVIXQGLQJZDVQRWDGGLWLRQDOIXQGLQJIRUIXUWKHUEDVLFUHVHDUFKLQWRTXDQWXPVFLHQFHZKLFK
LV VWLOO VXSSRUWHG WKURXJK WKH (QJLQHHULQJ DQG 3K\VLFDO 6FLHQFHV 5HVHDUFK &RXQFLO (365& DQG RWKHU 8. IXQGLQJ
ERGLHVDQGVWDNHKROGHUV5DWKHUWKLVQHZIXQGLQJZDVIRUWHFKQRORJ\GHYHORSPHQW±WRWXUQWKHEDVLFTXDQWXPVFLHQFH
RXWSXWV LQWR ZRUNLQJ WHFKQRORJLHV WXUQLQJ WKH WKHRUHWLFDO LGHDV DQGSRWHQWLDO LQWR UHDOLW\ )RUPDWLRQRI WKH8.1473
WRRNDERXWD\HDUDQGLWEHJDQLQODWHIRUDQLQLWLDOILYH\HDUSKDVH7KHWHFKQRORJ\IRFLRIWKH8.1473DUHIRXU
+XEV ZKLFK EHWZHHQ WKHP FRYHU WKH ZKROH ,7 VSHFWUXP RI FRPPXQLFDWLRQV VHQVLQJ LPDJLQJ SURFHVVLQJ DQG
FRPSXWLQJ (DFK +XE FRQVWLWXWHV D YHU\ VXEVWDQWLDO DQG GLVWULEXWHG FROODERUDWLYH DFWLYLW\ FRPSULVLQJ DERXW WHQ
XQLYHUVLW\SDUWQHUVQDWLRQDOODERUDWRULHVDQGRWKHUVWDNHKROGHUVDQGQXPHURXVFRPSDQLHV,QDGGLWLRQWRWKHIRXU+XEV
WKHLQLWLDO8.1473LQFOXGHGDVHSDUDWHFDSLWDOHTXLSPHQWSURJUDPPHLQYHVWPHQWLQWKH1DWLRQDO3K\VLFDO/DERUDWRU\
13/&HQWUHVIRU'RFWRUDO7UDLQLQJDGGLWLRQDO7UDLQLQJDQG6NLOOV+XEVDQGIXQGLQJWKURXJK,QQRYDWH8.WRVXSSRUW
LQGXVWU\OHGSURMHFWV WRZDUGVFRPPHUFLDOLVDWLRQ2WKHU8.VWDNHKROGHUVVXFKDVWKH'HIHQFH6FLHQFHDQG7HFKQRORJ\
/DERUDWRU\ '67/ PDGH SDUDOOHO LQYHVWPHQWV WR IXUWKHU DXJPHQW WKH 8.1473 7KH HVWDEOLVKPHQW RI WKLV QHZ 8.
SURJUDPPHKDGVLJQLILFDQWLPSDFWZRUOGZLGHEHFDXVHRIWKHPDJQLWXGHRIWKHLQLWLDOLQYHVWPHQWEXWDOVREHFDXVHRIWKH
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

FRRUGLQDWLRQDQGFRKHUHQFHDFURVVWKHPXOWLSOHDFWLYLWLHVZLWKLQ3URJUDPPHVWKDWKDYHHPHUJHGHOVHZKHUHLQWKHZRUOG
VLQFHKDYHFOHDUO\DGRSWHGDVSHFWVRIWKH8.DSSURDFK
7KHLQLWLDOIUDFWLRQRIWKH8.1473LQYHVWPHQWVHWDVLGHIRULQGXVWU\OHGSURMHFWVVXSSRUWHGWKURXJK,QQRYDWH8.ZDV
UHODWLYHO\PRGHVW$VWKHVHSURMHFWVSURYLGHRQHRIWKH³WHFKWUDQVIHU´DQGFRPPHUFLDOLVDWLRQSDWKZD\VIRU+XERXWSXWV
WKHUHZDVFOHDUO\QRWDPDVVLYHGHPDQGIRUVXFKQHZGLVUXSWLYHWHFKQRORJ\SURMHFWVRQGD\RQH1HYHUWKHOHVVWKLVLQLWLDO
,QQRYDWH8.VFKHPHZDVYHU\VXFFHVVIXO GHPRQVWUDWHGVLJQLILFDQW LQGXVWU\DSSHWLWHDQGSXOO DQGVWLPXODWHGDPXFK
PRUHVXEVWDQWLDOTXDQWXPWHFKQRORJLHVLQYHVWPHQWEHLQJPDGHGXULQJSKDVHRIWKH8.1473WKURXJKWKH,QGXVWULDO
6WUDWHJ\&KDOOHQJH)XQG,6&):LWKWKHUHQHZDORIWKH8.1473IRUDVHFRQGSKDVHDQGWDNLQJLQWRDFFRXQWDOO WKH
SDUDOOHOVWDNHKROGHULQYHVWPHQWVDQGWKHYHU\VXEVWDQWLDOLQGXVWU\LQYHVWPHQWVLQWRERWK,6&)SURMHFWVDQGWKH+XEVWKH
WRWDOYDOXHRIWKH8.1473RYHUWKHWHQ\HDUSHULRGKDVEHHQHVWLPDWHGDWDURXQGEQ
7KLVUHSRUWQRZIRFXVHVRQWKHDFWLYLWLHVRIRQHRIIRXU8.4XDQWXP7HFKQRORJ\+XEVWKH4XDQWXP&RPPXQLFDWLRQV
+XEOHGE\WKH8QLYHUVLW\RI<RUN7KHQH[WVHFWLRQSURYLGHVDEULHIRYHUYLHZRIVHFXUHFRPPXQLFDWLRQVDQGWKHUROH
SOD\HGE\TXDQWXPFRPPXQLFDWLRQV7KHIROORZLQJ WZRVHFWLRQV WKHQRXWOLQH WKHDFWLYLWLHVRI WKH+XEGXULQJ WKH ILUVW
ILYH\HDUSKDVHRIWKH8.1473DQGWKHSODQQHGDFWLYLWLHVIRUWKHVHFRQGILYH\HDUSKDVH
 48$17806$)(&20081,&$7,216
'LJLWDO FRPPXQLFDWLRQV VXSSRUW HYHU\ DVSHFW RI VRFLHW\ WRGD\ 0DQ\ RI WKHVH QHHG WR EH VHFXUH EHFDXVH RI WKH
LQIRUPDWLRQ WKH\ FRQWDLQ RU WKH WUDQVDFWLRQ WKH\ DUH VXSSRUWLQJ RU WKH DSSOLFDWLRQ WKH\ DUH IDFLOLWDWLQJ 7KLV FXUUHQW
VHFXULW\ LVEXLOWRQFRQYHQWLRQDOFU\SWRJUDSK\+RZHYHU LW LVQRZZLGHO\DSSUHFLDWHG WKDWRQJRLQJPDMRUDGYDQFHV LQ
TXDQWXPFRPSXWLQJSURYLGHVD WKUHDW WR WKHVHFXUUHQWFU\SWRJUDSKLF WHFKQLTXHV4XDQWXPFRPSXWHUVRI VXIILFLHQWVL]H
IRUVXFKKDFNLQJGRQRW\HWH[LVWKRZHYHU UHWURVSHFWLYHGHFU\SWLRQ LVDYHU\UHDO WKUHDWDQGVRFULWLFDOGDWD UHTXLULQJ
ORQJWHUPVHFXULW\VKRXOGEHSURWHFWHGQRZ,QIRUPDWLRQZKLFKLVHQFU\SWHGZLWKFXUUHQWFU\SWRJUDSKLFWHFKQLTXHVFDQ
EH LQWHUFHSWHG VWRUHG DQG WKHQ GHFU\SWHG RQFH ODUJH TXDQWXP FRPSXWHUV EHFRPH DYDLODEOH 7KHUH LV WKXV D FOHDU DQG
XUJHQWQHHGWRPDNHFXUUHQWF\EHUVHFXULW\³TXDQWXPVDIH´±WKDWLVVDIHLQDIXWXUHZRUOGZKHUHDOOIRUPVRITXDQWXP
WHFKQRORJ\H[LVWLQFOXGLQJODUJHTXDQWXPFRPSXWHUV
,QVLPSOHWHUPVWKHUHDUHWZRIRUPVRIFRQYHQWLRQDOFU\SWRJUDSK\V\PPHWULFDQGDV\PPHWULF7KHODWWHUSURYLGHVWKH
FXUUHQWSXEOLFNH\ LQIUDVWUXFWXUH 3.,ZLGHO\ XVHGDFURVV WKH LQWHUQHW %RWK FU\SWRJUDSKLFDSSURDFKHVXWLOLVHGLJLWDO
NH\VDWWKHWUDQVPLWWHU³$OLFH´DQGUHFHLYHU³%RE´HQGVRIWKHFRPPXQLFDWLRQ$OVRXVHGLVDNQRZQPDWKHPDWLFDO
DOJRULWKP IRU$OLFH WRHQFU\SW WKHGDWDZLWKKHUNH\DQG%RE WRGHFU\SW LWZLWK KLVNH\ ,Q V\PPHWULFFU\SWRJUDSK\
$OLFHDQG%REXVHWKHVDPHNH\ZKLFKKDVWREHNHSWVHFUHWIURPHYHU\RQHHOVHLIWKHLULQIRUPDWLRQLVWRUHPDLQVHFXUH
VR WKH\DOVRQHHGDPHFKDQLVP WR VHFXUHO\ VKDUH WKLVNH\ $V\PPHWULF FU\SWRJUDSK\ XVHVSDLUVRI NH\V$OLFHXVHVD
SXEOLFNH\³SXEOLF´EHFDXVHLWLVQRWDVHFUHWDQGDYDLODEOHWRHYHU\ERG\WRHQFU\SWWKHGDWDZKHUHDV%REXVHVDSULYDWH
NH\VHFUHWDQGNQRZQRQO\WRKLPWRGHFU\SW&XUUHQWUHDOZRUOGLQWHUQHWDQGRWKHUFRPPXQLFDWLRQVRIWHQUHO\XSRQD
FRPELQDWLRQ RI WKH WZR DSSURDFKHV DV\PPHWULF 3., ILUVW WR HVWDEOLVK VKDUHG VHFUHW NH\V WKDW DUH WKHQ XVHG
V\PPHWULFDOO\WRVHFXUHWKHFRPPXQLFDWLRQVRUWUDQVDFWLRQ7KLVWZRVWDJHDSSURDFKLVFOHDUO\HVVHQWLDOLI$OLFHDQG%RE
KDYH QHYHU FRUUHVSRQGHG EHIRUH 7KH WKUHDW LV WKDW FXUUHQW DV\PPHWULF 3., ZLOO EH YXOQHUDEOH WR DWWDFN IURP D ODUJH
TXDQWXPFRPSXWHU7KLV3.,KDVEHHQEXLOWRQVRFDOOHG³RQHZD\´PDWKHPDWLFDOIXQFWLRQVZKHUHLWLVHDV\WRZRUNRXW
DSXEOLFNH\IURPWKHFRUUHVSRQGLQJSULYDWHNH\EXWHVVHQWLDOO\LPSRVVLEOHZLWKH[LVWLQJWHFKQRORJ\WRZRUNRXW WKH
SULYDWHNH\JLYHQRQO\WKHFRUUHVSRQGLQJSXEOLFNH\7KLVLVZK\3.,LVVRZLGHO\GHSOR\HGWRGD\+RZHYHULWLVNQRZQ
WKDW D VL]HDEOH TXDQWXP FRPSXWHU UXQQLQJ D TXDQWXP DOJRULWKP GHYLVHG E\ 3HWHU 6KRU ZLOO EH DEOH WR HIILFLHQWO\
GHWHUPLQH D SULYDWH NH\ IURP WKH FRUUHVSRQGLQJ SXEOLF NH\ 6R WKH GD\V DUH QXPEHUHG IRU FXUUHQW 3., GHSOR\HG
ZRUOGZLGH &OHDUO\ WKH SULQFLSOH RI WKLV WKUHDW KDV EHHQ NQRZQ VLQFH  KRZHYHU LW LV QRZ EHLQJ WDNHQ IDU PRUH
VHULRXVO\EHFDXVHRITXDQWXPWHFKQRORJLFDODGYDQFHV
7ZRPDMRUDSSURDFKHVDUHEHLQJGHYHORSHGWRFRXQWHUWKLVWKUHDWDQGWRSURJUHVVF\EHUVHFXULW\WREHLQJTXDQWXPVDIH
4XDQWXPNH\GLVWULEXWLRQ4.'V\VWHPVHQDEOH$OLFHDQG%REWRJHQHUDWHVKDUHGV\PPHWULFNH\VZLWKWKHVHFXULW\RI
WKHVHNH\VXQGHUSLQQHGSK\VLFDOO\EHFDXVHWKH\ZHUHHVWDEOLVKHGXVLQJWKHFRPPXQLFDWLRQRITXDQWXPOLJKWVLJQDOV7KH
LUUHYHUVLEOHGLVWXUEDQFH LQWURGXFHG E\ TXDQWXP PHDVXUHPHQW PHDQV WKDW DQ\SRWHQWLDO HDYHVGURSSHU LV XQDEOH WRJDLQ
LQIRUPDWLRQDERXW WKHNH\ZLWKRXW UHYHDOLQJ WKHLUDWWHPSW WRSU\$OLFHDQG%REIROORZDSUHGHWHUPLQHGSURWRFROZLWK
WKHLUTXDQWXPFRPPXQLFDWLRQVDQGVXEVHTXHQWFRQYHQWLRQDOFRPPXQLFDWLRQVWKHODWWHURIZKLFKFDQEHDVVXPHGWREH
SXEOLFDQGWKXVRYHUKHDUGE\DQ\HDYHVGURSSHUDQGFDQGLVWLODILQDOVKDUHGVHFUHWNH\NQRZQRQO\WRWKHP7KHHDUOLHVW
SURWRFRO %% ZDV SXW IRUZDUG E\ &KDUOHV %HQQHWW DQG *LOOHV %UDVVDUG LQ  ZKLFK LOOXVWUDWHV WKH HUD ZKHQ






FRQFHSWV IRU TXDQWXP WHFKQRORJLHV ZHUH EHJLQQLQJ WR HPHUJH 9DULDQWV RI %% DUH XVHG H[WHQVLYHO\ WRGD\ LQ 4.'
WHFKQRORJLHV7RDYRLGDSHUVRQLQWKHPLGGOHDWWDFN4.'GRHVQHHG$OLFHDQG%REWRKDYHVRPHLQLWLDOVKDUHGVHFUHW
RU³VHHG´NH\PDWHULDO WRSURYLGHDXWKHQWLFDWLRQ+RZHYHU WZRYHU\LPSRUWDQWIHDWXUHVRI4.'DUHWKDWDV ORQJDV
WKH\KDYHDVXLWDEOHVHHG$OLFHDQG%REFDQJURZDVPXFKQHZNH\PDWHULDODVWKH\ZDQWDQGWKLVQHZNH\PDWHULDOLV
TXDQWXPUDQGRPDQGVRFDQQRWEHGHGXFHGIURPWKHVHHGE\DQ\RQHHOVH,WLVDOVRLPSRUWDQWWRVWUHVVWKDWZLWK4.'
WKHTXDQWXPDVSHFWLVLQWKHNH\GLVWULEXWLRQDQGDQ\VXEVHTXHQW³WRSXSV´WKDW$OLFHDQG%REFKRRVHWRPDNH2QFH
GLVWULEXWHG WKH VHFUHW NH\V FDQ EH XVHG IRU DQ\ DSSOLFDWLRQ 7KHLU XVH LV QRW TXDQWXP DQG UHTXLUHV QR TXDQWXP
WHFKQRORJ\
4XDQWXPUHVLVWDQW RUSRVWTXDQWXPFU\SWRJUDSK\ 34& FRPSULVHV QHZ PDWKHPDWLFDO HQFU\SWLRQ WHFKQLTXHV WKDW DUH
LPPXQHWRDWWDFNE\6KRU¶VDOJRULWKPDQGDUHWKRXJKWWREHUHVLVWDQWWRRWKHUTXDQWXPDOJRULWKPVWKDWPD\EHGHYHORSHG
LQWKHIXWXUH7KH1DWLRQDO,QVWLWXWHRI6WDQGDUGVDQG7HFKQRORJ\1,67LQWKH86LVFXUUHQWO\RYHUVHHLQJDZRUOGZLGH
SURFHVVIRUWKHHVWDEOLVKPHQWRIDVXLWHRIQHZ34&WHFKQLTXHVZKLFKZLOOEHPDGHDYDLODEOHIRUZLGHVSUHDGXVH
&OHDUO\LQRUGHUWRDGGUHVVWKHYXOQHUDELOLW\RIFXUUHQW3.,DQGWRGRVRLQDIOH[LEOHPDQQHUDSSURSULDWHIRUWKHLQWHUQHW
DQGPRELOHQHWZRUNV LW LVHVVHQWLDOWRSURYLGHDTXDQWXPVDIHVROXWLRQIRU$OLFHDQG%REZKRKDYHQHYHUPHWDQGWR
IXWXUHSURRIWKLVVROXWLRQ$FRPELQDWLRQRI34&DQG4.'SURYLGHVDYHU\DSSHDOLQJVROXWLRQ,I$OLFHDQG%REVHHGD
4.'VHVVLRQZLWKQHZDV\PPHWULF34&WKHTXDQWXPNH\VWKH\HVWDEOLVKZLOOUHPDLQVHFXUHHYHQLIWKH34&ZHUHWREH
VXEVHTXHQWO\ EURNHQ E\ WKH HPHUJHQFH RI D QHZ TXDQWXP DOJRULWKP 6R DQ\ VHFXUH WUDQVDFWLRQV RU FRPPXQLFDWLRQV
UHOLDQWRQWKHVHV\PPHWULFTXDQWXPNH\VZLOOUHPDLQVHFXUH:LWKFRPPXQLFDWLRQV WKHXOWLPDWHLQIRUPDWLRQWKHRUHWLF
VHFXULW\FDQEHDFKLHYHGE\XVLQJTXDQWXPNH\V LQDRQHWLPHSDGDUUDQJHPHQW)RUPRUHHFRQRPLFDOXVHRI WKHNH\
PDWHULDO$OLFHDQG%REFDQXVH WKHLUTXDQWXPNH\V WRGULYHD V\PPHWULFFRQYHQWLRQDOHQFU\SWLRQV\VWHPVXFKDV WKH
$GYDQFHG(QFU\SWLRQ6WDQGDUG $(66XFKV\PPHWULFHQFU\SWLRQ LVPRUH UHVLVWDQW WRTXDQWXPFRPSXWHUDWWDFN WKDQ
FXUUHQW3.,
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7KHYLVLRQRI WKH+XEGXULQJSKDVH ZDV IRFXVHG ILUPO\RQ WHFKQRORJ\GHYHORSPHQW UDWKHU WKDQ EDVLF
UHVHDUFK³7RGHYHORSQHZTXDQWXPFRPPXQLFDWLRQVWHFKQRORJLHVWKDWZLOOUHDFKQHZPDUNHWVHQDEOLQJZLGHVSUHDGXVH
DQGDGRSWLRQLQPDQ\VFHQDULRV±IURPJRYHUQPHQWDQGFRPPHUFLDOWUDQVDFWLRQVWKURXJKWRFRQVXPHUVDQGWKHKRPH´
*LYHQ WKDW 4.' UHSUHVHQWHG DQG VWLOO GRHV WRGD\ WKH PRVW DGYDQFHG RI WKH YDULRXV TXDQWXP FRPPXQLFDWLRQV
WHFKQRORJLHVGHOLYHU\DJDLQVWWKH+XEYLVLRQZDVODUJHO\YLDWKUHHSDUDOOHODFWLYLWLHVGHVLJQHGWRSURJUHVV4.'WRZDUGV
PXFKZLGHUDSSOLFDWLRQDQGFRPPHUFLDOLVDWLRQ,QDGGLWLRQDIRXUWKDFWLYLW\SXUVXHGQH[WJHQHUDWLRQ±EH\RQG4.'±
DSSOLFDWLRQV
,Q RUGHU WR EULQJ 4.' WHFKQRORJ\ DQG DSSOLFDWLRQV WRZDUGV WKH FRQVXPHU PDUNHW DQG KDQGKHOG GHYLFHV WKH +XE
GHYHORSHGDYHU\FRPSDFW$OLFHWUDQVPLWWHUFDSDEOHRIHYHQWXDOLQWHJUDWLRQLQWRIXWXUHPRELOHSKRQHVDQGRWKHUSRUWDEOH
GHYLFHVDORQJVLGHDEXONLHU%REUHFHLYHUZKLFKZRXOGGHSOR\DVDIL[HGXQLW7KHVFHQDULRLVWKDW%REZRXOGVLWRQWKH
VHFXUHQHWZRUNRIDEDQNRUHPSOR\HURUWKHJRYHUQPHQWHWFHQDEOLQJLQGLYLGXDOVDQGFRQVXPHUVWRVKDUHVHFXUHNH\V
ZLWKDZKROHUDQJHRILQVWLWXWLRQVDQGVHUYLFHSURYLGHUV&OHDUO\LQWKLVPRGHO WKHUHDUHYHU\PDQ\$OLFHVVRWKLVXQLW
KDVWREHYHU\FKHDSDQGUDWKHUIHZHU%REV'XULQJSKDVHWKH+XEGHOLYHUHGDFRQVXPHU4.'SURWRW\SHEDVHGRQD
FDUGVORWLQVSLUHGV\VWHPLQRUGHUWRGHPRQVWUDWHVXLWDEOHTXDQWXPWUDQVPLVVLRQDQGRSHUDWLRQ7KHV\VWHPLVQRZEHLQJ
IXUWKHUDGYDQFHGLQSKDVH
,QRUGHUWRDGGUHVVVL]HZHLJKWDQGSRZHU6:D3FRQVWUDLQWVIRUERWK$OLFHDQG%REDQGWRSXVKWRZDUGVLQWHJUDWLRQ
ZLWKFRQYHQWLRQDO,7DWWKHFRPSRQHQWDQGGHYLFHOHYHOWKHUHLVFOHDUO\KXJHDSSHDOWRPRYHTXDQWXPFRPPXQLFDWLRQV
WHFKQRORJLHVRQFKLS7KLVZLOOFOHDUO\DOVRIDFLOLWDWHPDVVPDQXIDFWXUHFDSDELOLW\DQGWKXVSURJUHVVWKHVHWHFKQRORJLHV
WRZDUGV PXFK ZLGHU GHSOR\PHQW DQG FRPPHUFLDOLVDWLRQ 'XULQJ SKDVH  WKH +XE GHYHORSHG YDULRXV FKLSEDVHG
TXDQWXPFRPPXQLFDWLRQVWHFKQRORJLHVDQGLQGHHG+XESDUWQHUWKH8QLYHUVLW\RI%ULVWROXQGHUSLQQHGGHPRQVWUDWLRQRI
WKHZRUOG¶V ILUVWFKLSWRFKLS4.'V\VWHP7KLVDFWLYLW\FRQWLQXHV WRH[SDQGDQGHYROYH$VWDUWXSFRPSDQ\.(76
KDV IRUPHGRXWRI%ULVWRO WRH[SORLW D UDQJHRIFKLSEDVHGTXDQWXP WHFKQRORJLHVDQGVRPHRI WKLVZRUNKDV DOVRQRZ
SURJUHVVHGLQWRDPDMRU,6&)SURMHFWWDNLQJIXUWKHUVWHSVWRZDUGVFRPPHUFLDOLVDWLRQ
,Q RUGHU WR H[SORUH LQWHJUDWLRQ ZLWK FRQYHQWLRQDO ILEUH FRPPXQLFDWLRQV KLJKOLJKW SRVVLELOLWLHV IRU TXDQWXP VHFXUH
DSSOLFDWLRQV RYHU QHWZRUNV DQG IDFLOLWDWH HQGXVHU HQJDJHPHQW WKH +XE HVWDEOLVKHG DQG QRZ RSHUDWHV WKH 8.¶V ILUVW
TXDQWXP QHWZRUN WKH 8.41 7KLV LV DQ 5	'IRFXVHG QHWZRUN FRPSULVLQJ PXOWLWUXVWHGQRGH PHWURSROLWDQ VFDOH
TXDQWXP QHWZRUNV LQ WKH FLWLHV RI %ULVWRO DQG &DPEULGJH DQG XWLOLVLQJ WKH 1DWLRQDO 'DUN )LEUH )DFLOLW\ 1')) WR






FRQQHFWWKHVH7KH8.41LQWHUFLW\FRQQHFWLRQKDVDOHQJWKRINPRYHUIRXUOLQNVZLWKWKUHHLQWHUPHGLDWHWUXVWHG
QRGHVDQGFRPSULVHVIRXUVSDQVRIDQGNPZLWKWKHIXUWKHVWGLVWDQFHEHWZHHQWUXVWHGQRGHVEHLQJ
NP/DXQFKHGLQ-XQH&DPEULGJH¶VPHWURSROLWDQQHWZRUNLQFOXGHVIRXUWUXVWHGQRGHVWKH(OHFWURQLF(QJLQHHULQJ
'LYLVLRQ DW :HVW &DPEULGJH WKH 'HSDUWPHQW RI (QJLQHHULQJ DQG WKH 8QLYHUVLW\¶V FHQWUDO QHWZRUN IDFLOLW\ LQ WKH FLW\
FHQWUHDQG7RVKLED5HVHDUFK(XURSH/WG75(/RQWKH&DPEULGJH6FLHQFH3DUN7KLVQHWZRUNKDVGHPRQVWUDWHGORQJ
WHUPVWDEOHSHUIRUPDQFH7KHPHWURSROLWDQQHWZRUNLQ%ULVWROODXQFKHGLQ6HSWHPEHUKDVWKHFDSDFLW\WRSURYLGH
4.'RYHUWKH*8.WHVWQHWZRUNXVLQJVSHFLDOO\GHYHORSHG2SHQ6RXUFHVRIWZDUH,WKDVGHPRQVWUDWHGWKHZRUOG¶VILUVW
TXDQWXP 4.' VHFXUHG 1HWZRUN )XQFWLRQ 9LUWXDOLVDWLRQ 1)9 RUFKHVWUDWLRQ ZLWK 6RIWZDUH 'HILQHG 1HWZRUNLQJ
6'1FRQWURO
7KH8.41LVDXJPHQWHGZLWKWKH8.41WHOQHWZRUNRSHUDWLRQDOVLQFH0DUFK7KLVXWLOLVHVSUHYLRXVO\LQVWDOOHG
VWDQGDUGFRPPHUFLDOJUDGHRSWLFDOILEUHWKXVSURYLGLQJDUHDOZRUOGHQYLURQPHQWIRUILHOGWULDOVRIQHZTXDQWXPVHFXUH
FRPPXQLFDWLRQV WHFKQRORJLHV DQG V\VWHPV 7KH QHWZRUN H[WHQGV RYHU NP RSHUDWHV ZLWK FRPPHUFLDO 4.'
HTXLSPHQWFRQWDLQVWKUHHWUXVWHGQRGHVLQ%7([FKDQJHVDQGYHU\LPSRUWDQWO\GHPRQVWUDWHVWKDWTXDQWXPNH\VLJQDOV
FDQEHVHQWLQWKHVDPHILEUHDVWKHKLJKUDWHGDWDHQFU\SWHGZLWKTXDQWXPNH\V/LQNLQJWKHODUJHLQGXVWULDOFRPSOH[DW
%7¶V$GDVWUDO3DUN WR UHVHDUFK IDFLOLWLHVDW&DPEULGJH¶V6FLHQFH3DUN DQRGHRI WKH 8.41 WKH8.41WHO IDFLOLWDWHV
GHPRQVWUDWLRQVRIQHZTXDQWXPVHFXUHFRPPXQLFDWLRQWHFKQRORJLHVDQGDSSOLFDWLRQVIRUGLUHFWXVHUHQJDJHPHQW
2WKHUGHYHORSPHQWVE\WKH+XEGXULQJSKDVHLQFOXGHGWDNLQJTXDQWXPVLJQDWXUHVRXWRIWKHODERUDWRU\DQGLQWRUHDO
ZRUOG GHPRQVWUDWLRQ ZLWK D QHZ SURWRFRO XWLOLVLQJ VWDQGDUG 4.' V\VWHPV DQG VLJQLILFDQWO\ LQFUHDVLQJ WKH NH\ UDWH
GHOLYHUHG E\ PHDVXUHPHQWGHYLFHLQGHSHQGHQW 0', 4.' WHFKQRORJ\ $ QRYHO IHDWXUH RI DOO WKH 8. 4XDQWXP
7HFKQRORJ\+XEV LVD3DUWQHUVKLS5HVRXUFH 35HOHPHQW RI WKH IXQGLQJXQDVVLJQHGDW WKH VWDUW RI WKH+XEDQG WKXV
DYDLODEOHIRUQHZSURMHFWVGXULQJWKH+XEOLIHWLPH'XULQJSKDVHWKH4XDQWXP&RPPXQLFDWLRQV+XEPDGHVWUDWHJLF
XVHRI35WREULQJLQQHZSDUWQHUVDQGQXUWXUHDUDQJHRIQHZSURMHFWV7KHVHLQFOXGHGSUHOLPLQDU\LQYHVWLJDWLRQVDQG
GHYHORSPHQWV ZLWK WUDQVIHUDEOH TXDQWXP WRNHQV DVVXUDQFH RI TXDQWXP UDQGRP QXPEHU JHQHUDWRUV 451*V
FRQWLQXRXVYDULDEOH&94.'TXDQWXPFRPPXQLFDWLRQVLQVSDFH4XDQWXP$PEDVVDGRUV7KHODWWHULVDQHGXFDWLRQDO
SURMHFWRQEHKDOIRIWKHZKROH8.1473DQGLQSDUWQHUVKLSZLWKWKH8.1DWLRQDO67(0/HDUQLQJ&HQWUHWRGHYHORS
TXDQWXPWHFKQRORJ\HGXFDWLRQDOPDWHULDOIRUVFKRROVDORQJZLWKWKH³$PEDVVDGRUV´WRGHOLYHUWKHPDWHULDO7KHVXFFHVV
RIWKH+XE35SURJUDPPHGXULQJSKDVHLVHYLGHQFHGE\WKHIDFWVWKDWQXPHURXV35SURMHFWVKDYHOHGWRHLWKHUPDMRU
QHZ DFWLYLWLHV IRU WKH SKDVH  +XE RU QHZ ,6&) SURMHFWV RU ERWK DORQJVLGH WKH 4XDQWXP $PEDVVDGRUV SURMHFW
FRQWLQXLQJLQWRSKDVH
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6WDUWLQJ LQ 'HFHPEHU  WKH JUDQG YLVLRQ RI WKH 4XDQWXP &RPPXQLFDWLRQV +XE LQ SKDVH  RI WKH 8.1473 LV
³,QWHJUDWHGVHFXUHTXDQWXPFRPPXQLFDWLRQVDWDOOGLVWDQFHVFDOHV´9HU\VKRUWDIHZPHWUHVUDQJHFRPPXQLFDWLRQVIRU
FRQVXPHUV DQG LQGLYLGXDOV LQ ERWK RSHQ VSDFHV DQG URRPV UHTXLUH WKH FRQYHQLHQFH DQG IOH[LELOLW\ RI IUHHVSDFH
WUDQVPLVVLRQ1HWZRUNDFFHVVWKURXJKPHWURSROLWDQVFDOHDQGXSWRLQWHUFLW\GLVWDQFHTXDQWXPFRPPXQLFDWLRQVFOHDUO\
QHHG WR OHYHUDJH RII DQG LQWHJUDWH ZLWK FRQYHQWLRQDO ILEUH QHWZRUN FRPPXQLFDWLRQV 7KH ORQJHVW GLVWDQFH VHFXUH
FRPPXQLFDWLRQVDFURVVVHDVDQGFRXQWU\WRFRXQWU\UHTXLUHIUHHVSDFHJURXQGWRVDWHOOLWHRUVWUDWRVSKHULFKLJKDOWLWXGH
SODWIRUP+$3TXDQWXPOLQNV7RSXUVXHWKLVYLVLRQWKH+XELVOHYHUDJLQJVWURQJO\IURPSKDVHGHYHORSPHQWVDQGKDV
EURXJKWRQERDUGQHZH[SHUWLVHDQGSDUWQHUVERWKDFDGHPLFDQGLQGXVWULDO*LYHQWKHEURDGHUVHWRIREMHFWLYHVWKH+XE
LV QRZ SXUVXLQJ HLJKW SDUDOOHO LQWHUDFWLQJ DFWLYLWLHV ZLWK DQ DGGLWLRQDO WKUHH FURVVFXWWLQJ DFWLYLWLHV WKDW DGGUHVV NH\
PDWWHUVUHOHYDQWWRDZLGHVSHFWUXPRIWHFKQRORJLHVDQGVHUYLFHV
7KH 8.41 DXJPHQWHG ZLWK 8.41WHO LV FOHDUO\ DQ H[LVWLQJ DVVHW RQ ZKLFK WR EXLOG ([SDQVLRQ RI WKLV QHWZRUN WR
IDFLOLWDWHERWKQHZ5	'DQGXVHUHQJDJHPHQWLVEHLQJXQGHUWDNHQLQ IRXUGLIIHUHQWVHQVHVSK\VLFDO±ZLWKQHZILEUH
OLQNVDQG LQWHUIDFLQJ WR IUHHVSDFHDWERWK WKH VKRUWDQGYHU\ ORQJUDQJHVPXOWLSDUW\±EH\RQGVLPSOHSRLQWWRSRLQW
FDSDELOLW\±EH\RQG4.'WREULQJLQRWKHUSURWRFROVDQG34&DSSOLFDWLRQ±RIIHULQJDZLGHUUDQJHRIXVHPRGHOVDQG
GHPRQVWUDWLRQVHUYLFHV&OHDUO\DOOWKLVOLQNVWRDQGZLOOSURYLGHGHPRQVWUDWLRQDQGH[SORLWDWLRQFDSDELOLW\IRURWKHU+XE
DFWLYLWLHV
&94.'XVHVFRQWLQXRXVTXDQWXPOLJKWVLJQDOVDVRSSRVHGWRVLQJOHSKRWRQVRUZHDNSXOVHDSSUR[LPDWLRQVWKHUHWRWR
GLVWULEXWH TXDQWXP NH\V 7KH SKDVH DQG DPSOLWXGH PRGXODWLRQ XVHG DORQJ ZLWK GHWHFWLRQ WHFKQLTXHV WKDW JHQHUDOO\
XWLOLVH D ORFDO RVFLOODWRU PHDQ WKDW &94.' V\VWHPV KDYH RYHUODS ZLWK FRQYHQWLRQDO RSWLFDO FRPPXQLFDWLRQV






WHFKQRORJLHV DOEHLW DW PXFK ORZHU OLJKW OHYHOV WKXV RIIHULQJ QHZ VFRSH IRU LQWHJUDWLRQ 7KH +XE LV XQGHUWDNLQJ
WKHRUHWLFDODQGH[SHULPHQWDOZRUNWRLPSURYH&94.'V\VWHPVDQGGHPRQVWUDWHWKHVHLQUHDOZRUOGHQYLURQPHQWV
(QWDQJOHPHQW GLVWULEXWLRQ LV D NH\ HQDEOHU IRU YDULRXV TXDQWXP FRPPXQLFDWLRQV ,W FDQ IDFLOLWDWH 4.' RYHUFRPLQJ
VRPH OLPLWDWLRQV RI QRQHQWDQJOHG 4.' V\VWHPV HQDEOH QHZ PXOWLSDUW\ SURWRFROV DQG SURYLGHV DQ LPSRUWDQW VWHS
WRZDUGV WKH XOWLPDWH JRDO RI D IXWXUH TXDQWXP LQWHUQHW +XE SDUWQHUV DUH ZRUNLQJ WR DGYDQFH WKH FDSDELOLWLHV RI
HQWDQJOHPHQWGLVWULEXWLRQDQGKDYHDOUHDG\GHPRQVWUDWHGTXDQWXPFRQIHUHQFHNH\DJUHHPHQWDQGELSDUWLWHHQWDQJOHPHQW
VKDULQJIRUPXOWLSOHXVHUVRYHUQHWZRUNV
/HYHUDJLQJ WKH SKDVH  ZRUN +XE UHVHDUFKHUV DUH QRZ DGYDQFLQJ WKH FRQVXPHU 4.' WHFKQRORJ\ WRZDUGV SUDFWLFDO
KDQGKHOGRSHUDWLRQ7KLVLQYROYHVHQJLQHHULQJRISRLQWLQJDQGWUDFNLQJFDSDELOLWLHVIRUWKHDXWRPDWLFHVWDEOLVKPHQWRI
VKRUW UDQJH IUHHVSDFH OLQNV7KLV ZLOO VXSSRUWSUDFWLFDOKDQGKHOGFRQVXPHUGHYLFHVRU LQURRPTXDQWXP³OLIL´ZLWK
RQZDUG LQWHUIDFLQJ WR ILEUHQHWZRUNV*LYHQ WKHPDQ\$OLFH IHZHU%REQDWXUHRI WKLV WHFKQRORJ\VHFWRU LWSURYLGHVD
SULPHH[DPSOHIRUFRPELQLQJ4.'ZLWK34&7KH+XELVWKHUHIRUHSXUVXLQJFRPSXWDWLRQDOO\³OLJKWZHLJKW´34&DQG
LWVKDUGZDUHLPSOHPHQWDWLRQVXLWDEOHIRULQWHJUDWLRQLQWRWKLVK\EULGVROXWLRQ
$PDMRUDGGLWLRQWRWKH+XESRUWIROLRIRUSKDVHLVWKHGHYHORSPHQWRIIUHHVSDFHTXDQWXPFRPPXQLFDWLRQVDWWKHYHU\
ORQJHVW GLVWDQFH VFDOHV 7KHUH LV VWLOO PXFK WR LQYHVWLJDWH DQG RSWLPLVH LQ WHUPV RI DSSURDFKHV WHFKQRORJLHV DQG
SURWRFROVHQURXWHWRSUDFWLFDODQGFRPPHUFLDOFRPPXQLFDWLRQV7KH+XEZRUNLQYROYHVWKUHHVWDJHVRIGHOLYHU\)LUVW
WKHGHYHORSPHQWRI VSDFHFDSDEOHTXDQWXPSD\ORDGVRXUFHVFRPSDWLEOHTXDQWXPUHFHLYHU WHFKQRORJLHVDQGSURWRFROV
6HFRQG WKH WHVWLQJ YDOLGDWLRQ DQG HQJLQHHULQJ IRU VSDFHTXDOLILFDWLRQRI WKHVH WHFKQRORJLHV LQFOXGLQJ PRGHOOLQJ DQG
GHWDLOHGDQDO\VLV)LQDOO\DQLQRUELWGHPRQVWUDWLRQ,2'±RIVDWHOOLWHWRJURXQG4.'IURPD+XE&XEH6DWWRD+XE
JURXQGVWDWLRQ$OOWKLVZRUNZLOOSURYLGHHVVHQWLDOLQSXWIRUIXWXUHFRPPHUFLDOSXUVXLWVDQGRSHQXSSRWHQWLDOIRUERWK
LQWHUQDWLRQDOFROODERUDWLRQZLWKRWKHUPLVVLRQVDQGLQWHJUDWLRQWRWHUUHVWULDOILEUHQHWZRUNV
&OHDUO\WKHLQFHQWLYHVRIORZ6:D3DQGFRQYHQWLRQDO,7LQWHJUDWLRQSURYLGHDSHUPDQHQWGULYHUWRZDUGVSXWWLQJTXDQWXP
WHFKQRORJLHV RQFKLS7KH+XEKDV DOUHDG\GHPRQVWUDWHG VXFFHVVHV DQG QRZ KDV PXOWLSOH ³WHFK WUDQVIHU´ H[SORLWDWLRQ
SDWKZD\VFRPSDQLHV,6&)RURWKHUFRPPHUFLDOO\IRFXVHGSURMHFWVXQGHUWDNLQJKLJKWHFKQRORJ\UHDGLQHVVOHYHO75/
ZRUN7KLVHQDEOHV+XESDUWQHUVWRQRZFRQFHQWUDWHRQNH\ORZ75/GHYHORSPHQWVVXFKDVRQFKLSLPSOHPHQWDWLRQVRI
0',4.'DQGSURWRFROVEH\RQG4.'DQGQHZGHYLFHV VXFKDV LQWHJUDWHGXOWUDORZ ORVV VZLWFKHV IRUTXDQWXP OLJKW
OHYHORSHUDWLRQ
,W LVZLGHO\DSSUHFLDWHGWKDWZKLOVWH[WUHPHO\XVHIXONH\GLVWULEXWLRQGRHVQ¶WFRYHUWKHZKROHVHFXULW\VROXWLRQVSDFH
7KXVWKHUHLVFOHDUO\GHPDQGIRUTXDQWXPSURWRFROVDQGWKHLULPSOHPHQWDWLRQVEH\RQGEDVLF4.'+XEUHVHDUFKHUVDUH
SXUVXLQJ D UDQJH RI QHZ SURWRFROV LQFOXGLQJ VHFXUH WUDQVIHUDEOH WRNHQV SRVLWLRQEDVHG FU\SWRJUDSK\ VLJQDWXUHV DQG
PXOWLSDUW\ LQWHUDFWLRQV7KHVHKDYH WKHSRWHQWLDO WR IHHG LQWRRWKHU+XEDFWLYLWLHVZKHQSUDFWLFDO LPSOHPHQWDWLRQVDUH
GHVLJQHG,QDGGLWLRQ+XEZRUNRQ451*DVVXUDQFHDQGFHUWLILFDWLRQLVFRQWLQXLQJLQFOXGLQJQHZDSSURDFKHVEDVHGRQ
GHYLFHLQGHSHQGHQFH
,Q D UDSLGO\ FKDQJLQJSROLWLFDO DQGHFRQRPLF ODQGVFDSH ZRUOGZLGH LW LV FOHDUO\ LPSRUWDQW WKDW QHZ WHFKQRORJ\ VXSSO\
FKDLQVDUHUREXVW3DUWLFXODUO\IRUVHFXUHFRPPXQLFDWLRQVV\VWHPVZKHUHLPSRUWDQGH[SRUWUHJXODWLRQVFDQDOVRLPSDFW
,WLVWKHUHIRUHGHVLUDEOHIRUWKH+XEWRGHYHORSNH\FRPSRQHQWWHFKQRORJLHV±TXDQWXPVRXUFHVIRU$OLFHDQGTXDQWXP
GHWHFWRUV IRU %RE 8VH RI JHQXLQH VLQJOH SKRWRQV FDQ UHPRYH VRPH SRWHQWLDO VLGHFKDQQHO OLPLWDWLRQV FRPSDUHG WR
TXDQWXPFRPPXQLFDWLRQVEDVHGRQZHDNSXOVHDSSUR[LPDWLRQV7KH+XE LVGHYHORSLQJFRPSDFWHQWDQJOHGVRXUFHV WR
VXSSRUWVSDFHDQGRWKHUDSSOLFDWLRQVDQGFDYLW\LQWHJUDWHGTXDQWXPGRWSKRWRQVRXUFHVDWWHOHFRPZDYHOHQJWKVIRUILEUH
DSSOLFDWLRQV 7R VXSSRUW UHFHLYHU WHFKQRORJLHV WKH +XE LV GHYHORSLQJ VXSHUFRQGXFWLQJ QDQRZLUH GHWHFWRUV IRU KLJK
HIILFLHQF\DQGPLGLQIUDUHGDSSOLFDWLRQVDORQJVLGH*HRQ6LVLQJOHSKRWRQDYDODQFKHGLRGH63$'GHWHFWRUVIRUPRUH
IOH[LEOHDSSOLFDWLRQDQGVHPLFRQGXFWRULQWHJUDWLRQ
7KH WKUHH FURVVFXWWLQJ +XE DFWLYLWLHV DOO UHODWH WR VHFXULW\ ± RI GHYLFHV V\VWHPV DQG HQGWRHQG ± ZKLFK LV FOHDUO\
HVVHQWLDOIRUGHOLYHU\RIWKH+XEYLVLRQ/HGE\13/WKH+XELVFRQWLQXLQJWRXQGHUWDNHPHWURORJ\DQGFDOLEUDWLRQRI
WHFKQRORJLHVFRQWULEXWLQJIXUWKHUWRUHOHYDQWVWDQGDUGVWKURXJK(76,DQGRWKHUERGLHV7KH+XELVDOVRLQYHVWLJDWLQJD
UDQJH RI FU\SWRJUDSKLF DQG TXDQWXP SULPLWLYHV DQG WKH LQWHJUDWLRQ RI TXDQWXP DQG 34& WHFKQRORJLHV LQWR SUDFWLFDO
VROXWLRQV 7KH WKLUG DFWLYLW\ FRPSULVHV VHFXULW\ DQDO\VLV YXOQHUDELOLW\ DQDO\VLV DQG WHVWLQJ SOXV WKH GHYHORSPHQW RI
FRXQWHUPHDVXUHV±DOOIURPWKHSHUVSHFWLYHRISURYLGLQJSUDFWLFDODQGVHFXUHDSSOLFDWLRQVDQGVHUYLFHV
$VZDVWKHFDVHGXULQJSKDVH+XEGHOLYHU\DJDLQVWDOOWKHVHREMHFWLYHVWKDWFRQWULEXWHWRWKHJUDQGYLVLRQLVUHO\LQJ
FUXFLDOO\RQVWURQJFROODERUDWLRQEHWZHHQDFDGHPLFDQGLQGXVWULDOSDUWQHUVDQG8.QDWLRQDOODERUDWRULHV
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$&.12:/('*(0(176
7KH SKDVH  4XDQWXP &RPPXQLFDWLRQV +XE ZDV VXSSRUWHG E\ (365& JUDQW (30 DQG WKH SKDVH  +XE LV
VXSSRUWHGE\(365&JUDQW(37
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